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INTRODUCTION 

Exposure to environmental tobacco smoke (ETS) has been suggested as a possible risk 
factor for lung cancer in several, but not all, epidemiological studies. 1 ' 2 A recent meta-analysis 
performed by the US Environmental Protection Agency 3 estimated a significant risk (RR = 
1.3; p<0.05) for ETS exposure and lung cancer in nonsmokers. Such an assessment is only 
valid if miss-classification of smokers as nonsmokers and other possible confounding factors 
have been correctly taken into consideration. The validity of determining cotinine in urine and 
plasma as a biomarker of ETS exposure over the last few days has recently been demonstrated 
in a large-scale study carried out in Southern Germany 4 Assessment of long-term ETS 
exposure remains difficult since no reliable biomarkers are available. Adducts fVom tobacco- 
specific nitrosamines (TSNA) and aromatic amines such as 4-aminobiphenyl (4-ABP) have 
been proposed as biomarkers in both smokers and nonsmokers. 5 ' 6 The long half-life of haemo¬ 
globin adducts make them especially suitable as surrogate markers of exposure occurring over 
an extended period of several months. 

So far only a few studies have investigated the influence of involuntary exposure to ETS 
upon haemoglobin adduct levels. 7 " 9 Levels of 4-ABP were marginally higher in nonsmokers 
with detectable cotinine in their plasma (p=0.05). A more significant difference was found for 
3-ABP (p= 0.027). 7 More recently, a significant increase of 4-ABP adducts was reported in 
nonsmoking pregnant women with increasing ETS exposure (p = 0.009).* Exposure to ETS 
was quantified for 1 week by a personal diary and by air sampling of nicotine. We have 
investigated plasma and urinary cotinine and haemoglobin adducts from 9 aromatic amines and 
the TSNA-derived adduct, 4-hydroxy-l-(3-pyridyl)-t-butanone (HPB), in self-reported 
smoking and nonsmoking women from Homburg, Germany. 
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SUBJECTS 


One hundred and five pregnant women attending the University Hospital of Homburg 
were recruited for this study in 1993. All subjects were interviewed using a questionnaire con¬ 
taining 180 questions on general health, life style, occupation, smoking habits and ETS 
exposure. Twenty-seven women claimed to 
be active smokers, whereas 78 women de¬ 
clared themselves to be nonsmokers. The 
nonsmokers were subdivided into four 
groups according to their self-reported 
passive smoke exposure (Fig. 1). There were 
no significant differences in age distribution 
between nonsmokers (29.6±5.2 years) and 
smokers (28.7±6.2 years, p> 0.10). Fifty-five 
and 52% of the nonsmokers and smokers, 
respectively, were white collar workers and 
about one third tn both groups were not 
practising a profession (p>0.05). There was 
a tendency to a lower educational level in 
smokers with 68% having no secondary 
education as compared to 47.4% of non- 
smokers. A higher percentage of smokers 
(33.2%) than nonsmokers (14.1%) were un¬ 
married. However, these differences did not 
reach statistical significance (p>0.05). 
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Figure I. Passive smoke score in pregnant nonsmoking 
women form Homburg 


METHODS 

During delivery a spot urine and 20 ml of blood were collected. Red blood cells were 
separated by centrifiigation, divided in two portions and washed three times with twice the 
volume of saline. A 2 mi aliquot of plasma was taken for analysis of cotinine. All samples were 
frozen at -20°C until analysis. 

The analytical procedure used in this study was essentially the same as reported previous¬ 
ly 10 . Briefly, cotinine in plasma and urine was determined by a radioimmunological method. 
The haemoglobin concentration was determined by the Drabkin method (Sigma kit No. 525A). 
To dialysed blood samples 40 pg D 9 -4-ABP, 80 pg D 5 -aniline and 20 pg D«-HPB were added 
as internal standards. After mild alkaline hydrolysis the solutions were applied to C18 Bond 
Elut extractions tubes. The retained analytes were eluted with chloroform and divided in two 
fractions for derivatisation of aromatic amines and HPB with pentafluoropropionic anhydride 
and pentafluorobenzoyl chloride, respectively. GC-MS analysis was performed by negative 
chemical ionization with methane in the SIM mode using a QMD 1000 GC-MS equipped with 
a DBS.ms capillary column (Fisons, Mainz, Germany). Blank samples consisting of water were 
ain each day. All samples were analysed in duplicate and the mean values calculated. 


RESULTS 

Five of 78 self-reported nonsmoking women (6.7%) had plasma cotinine levels indicative 
of current smoking (36, 38, 90, 93, and 150 ng/mi). They were omitted from statistical evalua¬ 
tion (Tables 1 and 2) but are shown in Figure 3 as miss-classified nonsmokers. Likewise, 4 of 
27 self-reported smokers had plasma cotinine levels (<0.5, <0.5, 1.0, and 2.0 ng/ml) indicating 
that they had not smoked over the last 2-3 days Because of the long half-life of haemoglobin 
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adducts, these subjects were not omitted from statistical evaluation and are shown in Figure 3 
as smokers with a plasma cotinine level <15 ng/ml. 

The mean results for all haemoglobin adducts and for urinary cotinine are summarized in 
Table 1. Compared to nonsmoking pregnant women, smoking pregnant women had signifi¬ 
cantly higher levels of urinary cotinine (134-fold), HPB (2-fold) and five of nine aromatic 
amines, 3-ABP (2.2-fold) and 4-ABP (2.7-fold), o- and ^-toluidine (1.2- and 1.6-foid), and 
2,4-dimethylaniline (1.4- fold). However, none of these haemoglobin adducts can be regarded 
as being specific for smoking because of the considerable overlapping ranges (Fig. 3). For 
2-ethylaniSine (1 3-fold) the difference did not reach statistical significance. Aniline, m-toiuidi- 
ne and o-anisidine were detected in all blood samples with similar levels in smoking and non¬ 
smoking women. Plasma cotinine levels in smoking pregnant women were 103±I6 ng/ml. In 
nonsmokers, cotinine was detectable (>0.5 ng/m!) in only 15 of 73 plasma samples (range 0.5- 
4.0 ng/ml). 


< 


Table I. Haemoglobin adducts (fmol/g haemoglobin) and cotinine in urine (ng/mg creatinine) 
in smoking and nonsmoking pregnant women from Homburg 
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Nonsmoking pregnant women (n 

= 73) 




Mean 

13315 

2210 

6590 

1841 

158 

154 

789 

8 0 

60 1 

26.7 

18.9 

S.E. 

1041 

603 

513 

117 

14 

13 

70 

0.7 

3 9 

4 1 

36 

Mm. 

2083 

224 

1545 

355 

33 

25 

81 

0.0 

23.6 

0.0 

1.7 

Max. 

56540 

43210 

23808 

5366 

520 

479 

2469 

35.5 

212.7 

229.0 

179.9 

Median 

11544 

1330 

5054 

1652 

107 

107 

536 

5.9 

53.2 

18 0 

6.4 





Smoking pregnant women (n = 

27) 




Mean 

12784 

2694 

6271 

2940 
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210 

651 

17.7 

164.6 

54.7 

2525 

S.E. 

1313 
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389 
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41 
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12972 
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82 7 
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225.0 
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Median 

i 1061 

2371 
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2646 
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Smlisiieal evaluation of smokers vs nonsmokers (Mann-Whitney) 


p <f= 

0 938 

<0.0001 

0.938 

<0.001 

0.0S7 

0 018 

0 374 

<0.001 

<0.000! 

<0.001 

<0.0001 


Pearson analysis gave no significant positive correlations between urinary cotinine and 
haemoglobin adducts in nonsmokers (Table 2). However, for smoking pregnant women weak 
positive correlations were observed for 3-ABP (p=0.0572), 4-ABP (p=0.069I) and HPB 
(p=O.0574). Pearson analysis with plasma cotinine was possible only in smokers and showed 
significant positive correlations with aniline, o- and /Moluidine (p<0.GI), 3- and 4-ABP 
(p<0.05) but not HPB (p>0.1) Adducts from monocyclic aromatic amines were highly corre¬ 
lated with each other in nonsmoking but less so in smoking pregnant women. In contrast, the 
correlation between 3- and 4-ABP appears stronger in smokers (p=0.0032) than nonsmokers 
(p=0.043 !). Correlations between adducts of monocyclic and bicyclic amines were rather 
weak and usually not significant. HPB adducts correlated only weakly with 4-ABP in smoking 
(p=0,0501) but strongly in nonsmoking women (p<0.00l) 




Source: https://www.industrydocuments.ucsf.edu/docs/tywk0001 
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Figure 3. Haemoglobin adducts in self-reported smoking and nonsmoking pregnant women from Hamburg, the nonsmokers are subdivided according to their self-reported passive smoke 
exposure as defined in Figure I, 
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Table 2. Pearson correlation coefficients between haemoglobin adducts and cotinine in plasma 
and urine from pregnant smoking and nonsmoking women from Homburg; "p<0.05, p<0.01. 


Nonsmoking pregnant women (n — 73; upper right triangle) 



Smoking pregnant women (n = 27; lower left triangle) 


Subdividing the nonsmoking women in Iwo 
classes according to their cotinine levels (ng/mg 
creatinine) in urine (class l: <10. n = 41 and class 
If: £ 10, n = 32. respectively) resulted in a 7-fold 
difference in the mean concentration of cotinine 
(4.7±0.3 vs 34 0±6.5),'however, no differences 
were found between haemoglobin adduct levels 
of 3- and 4-ABP as well as HPR (Fig 2). There 
was a tendency for lower adduct levels in class II 
as compared to class I for the monocyclic amines 
aniline(1450li1618 vs I I795±l 130), o-toluidi- 
ne (2902±1100 vs 1389±120). m-toluidine (7328 
±702 vs 564S±725). /Moluidme (1997±I80 vs 
1642±132), 2-ethylaniiine (182±20 vs I27±15). 
2,4-dimethylaniline (!75±19 vs 126±16) and 
o-anisidine (901±105 vs 646±8I). 



Figure 2. Haemoglobin adducts in self-reported 
smoking and noasmddng pregnant women; the non- 
smokers are subdivided according to their urinary 
cotinine levels Each bar represent the mean ± S.E. 
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Subdividing the nonsmoking women into four groups according to their self-reported 
score for ETS exposure showed no influence upon haemoglobin adducts ofbicyclic aromatic 
amines and the TSNA-derived adduct HPB (Fig. 3). For better comparison with literature data 
the results for 3- and 4-ABP are shown in pg rather than fmol per g haemoglobin. No in¬ 
fluence of ETS exposure was found for monocyclic amine adducts (data not shown). 


DISCUSSION 

The results of this study clearly indicate that there is no influence of ETS exposure on 
haemoglobin adduct levels of aromatic amines and tobacco-specific nitrosamines in pregnant 
nonsmoking women from Homburg, Germany. This is in contrast to the results reported by 
Hammond et al. 8 for 4-ABP in pregnant nonsmoking women from Worcester, MS, USA and 
by Maclure et al. 7 for both 3- and 4-ABP in adults from either Boston, MS, USA or from Ita¬ 
ly. Interestingly, the 4-ABP haemoglobin levels in nonsmoking pregnant women (10.2± 0.7) 
were significantly lower than that reported by Hammond et al* (22± 1.3 pg/g), for adults resi¬ 
dent in Munich, Germany 10 (28 8±2.7 pg/g) and for nonsmoking research workers in Boston 
(50±24 pg/g) with reported little or no ETS exposure. 7 However, 3-ABP haemoglobin levels 
in the latter group (1.3±1.5 pg/g) are comparable with the levels found in pregnant non¬ 
smoking women from Homburg (1 4±0.1 pg/g). The fact that 5 of 78 self-reported non¬ 
smoking women had cotinine levels indicating recent active smoking underlines the importance 
of controlling for self-reported smoking status by use of a reliable biomarker. Interestingly, 
four of these five miss-classified nonsmokers claimed to be highly exposed to ETS. 

Both miss-classification of self-reported smoking status and confounding effects on hae¬ 
moglobin adduct levels due to exposure sources other than ETS may explain the high inter¬ 
individual variations and lack of correlation with ETS exposure. While no additional sources 
are known for HPB adducts derived from TSNA, 6 nitroaromatics may contribute to the aro¬ 
matic amine adduct levels. 11 
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